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Abstract 
Siirt is famous with its pomegranate which is called Zivzik and is an important livelihood of the region. Zivzik 
pomegranate is a variety registered in 2008 and geographic sign studies are currently underway. Due to the 
genetic diversity of Siirt region, there are different genotypes not registered there yet. This is the first study 
carried out to investigate relationship status of Zivzik (Punica granatum L.) and Şirvan pomegranates by 
constructing the phylogenetic trees. 30 genotypes studied were numbered from 1 to 30 in our experiment.  Four 
of 30 genotypes, which have different fruit characteristics from Zivzik variety, were included in the study. These 
four genotypes are called as Asili (Genotype 21), sour pomegranate (Genotype 22 and 23) and red pomegranate 
(Genotype 24). Neighbor Joining (NJ) and Bootstrap analysis were used to generate dendrogram showing the 
genetic relationship of Zivzik pomegranate, which is the most well-known genetic resource in Southeastern 
Anatolia region of Turkey. The phylogenetic tree of genotypes indicated that genotypes 9, 18, 21, 6, 24 and 7; 
genotypes 17, 13, 12, 4 and 3 and genotypes 5, 8, 20, 11, 19, 2 and 27 were substantially similar. Genotypes 29, 
16 and 14, in terms of physiological properties, were located at the furthest position on the phylogenetic tree 
from the other genotypes.  
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1. Introduction 
Pomegranate belongs to the genus Punica and is widely distributed in Mediterranean region, Asia, North Africa, 
Europe and Indian peninsula (Levin, 2006). The pomegranate is one of the oldest edible fruit species, cited in the 
Bible and the Qur'an and known to be cultivated back to the 3000-4000s (Chandra et al., 2010). The first traces 
of pomegranate cultivation were found in Transcaucasia-Caspian region and the northern regions of Turkey 
(Zohary, 1975; Harlan, 1992). Pomegranate is grown under diverse climatic conditions in subtropical and 
tropical regions of the world. However, the largest commercial production takes place in Mediterranean 
countries followed by Asian countries (Silva et al., 2013). Pomegranate is a shrub-shaped plant with length 
ranging from 2 to 5 meters (Ebcioğlu, 2003). The fruits consist of multi fleshy seeds which the color can change 
from dark-red to white. The fruits, containing high levels of potassium and carbohydrates, are classified as 
sweet, tart and sour. 
Development of molecular markers, which are superior to morphological and biochemical markers, enabled 
to obtain rapid and reliable results by conducting studies with no time limitations (Yıldırım and Kandemir, 
2001). Molecular markers originate from DNA found in plant cells. The codes defining the structure of living 
organisms are located in DNA chains, therefore the relationships between diversity in the plant population or 
plant genotypes within the population can be determined by using molecular markers at almost 100% reliability. 
Molecular markers are used in several studies to improve the quality and quantity of fruit production. Molecular 
markers are widely used in fruit growing, such as genotypic identification, systematic and characterization, 
genetic and quantitative trait loci mapping, marker selection and conservation of genetic resources (Andersen 
and Lübberstedt, 2003; Kaçar, 2004; Vardar-Kanlıtepe et al., 2010).  
Zivzik pomegranate is a variety registered in 2008 by the Pistachio Research Institute located in Gaziantep, 
Turkey. While Siirt region has a continental climate, Zivzik pomegranate is grown in the region where micro 
climate is seen in the foothills of Botan River Valley. There are covered orchards in this region where 
commercial breeding is carried out. This variety is an important source of livelihood for the regional producer. 
Zivzik pomegranate is a variety with medium size fruits, high in taste-aroma and fruit juice, and suitable for 
storage about 6 months. Since Southeastern Anatolia is the homeland of the pomegranate, there are also different 
genotypes grown in the region that have not yet been registered as varieties. Pomegranates grown in the region 
have sweet, tart and sour tastes. So far molecular level study has not been conducted to reveal the genetic 
diversity of these pomegranate genotypes grown in the region. That is why our study was carried out to 
investigate the similarity status and to determine the genetic diversity of 30 pomegranate genotypes belong to 
Siirt district located in Southeastern region of Turkey. With this purpose, ITS1 and ITS2 regions of 30 
pomegranate genotypes were amplified by PCR technique and the phylogenetic tree of the genotypes was 
constructed. Southeastern Anatolia region is the gene center of many fruit species; therefore, the region has a 
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high genetic diversity. For that reason, the findings obtained in this study are important to determine and 
preserve the gene source potential of Zivzik and Şirvan pomegranates. 
 
2. Methodology  
2.1. Pomegranate Genotypes 
Pomegranate genotypes belong to Zivzik and Şirvan pomegranates were collected from the five different 
orchards located in Sarıdana, Kapılı, Pirinçli and Zivzik villages of Şirvan district of Siirt province in 
Southeastern Anatolia, Turkey. The genotypes studied were known with their superior yield and quality 
characteristics and were numbered from 1 to 30. Four of 30 genotypes, which have different fruit characteristics 
from Zivzik variety, were included in the study. These four genotypes are called as Asili (Genotype 21), sour 
pomegranate (Genotype 22 and 23) and red pomegranate (Genotype 24). Leaf samples from different genotypes 
were collected in spring and samples were stored at -20 ºC until molecular analyses performed. 
 
2.2. Molecular and Phylogenetic Analysis 
Genomic DNA isolation of genotypes was performed according to the CTAB (Cetyl Trimethyl Ammonium 
Bromide) method (Doyle and Doyle, 1987). The quality of isolated DNAs was determined using a Nanodrop 
(Thermo) in a 1% gel. The ITS regions (ITS1 and ITS2) were amplified using the ITS4 primer by PCR 
technique. Total volume to the PCR reaction was set to 25 µl by adding 3 µl (100 ng) template DNA, 2.5 µl 10X 
Taq buffer, 3 µl MgCl2, 1 µl forward-reverse primers, 10 mM dNTP mix, 0.25 µl Taq polymerase and 13 µl 
ddH2O. Agarose gel (1%) electrophoresis containing 1μL ethidium bromide was run to observe the bands formed 
after the PCR and the quality of the band was assessed under UV light. The results of PCR were sent to 
Medsantek Company (Istanbul/Turkey) for sequencing. Neighbor Joining (NJ) and Bootstrap analysis methods 
were used to generate the genetic distance tree. 
 
3. Results and Discussions 
3.1. Phylogenetic Tree of the ITS Regions 
Single gene tree is sufficient to determine the molecular phylogeny of the varieties within the same species. 
Therefore, the gDNA was amplified and a phylogenetic tree belonging to ITS regions was constructed. 
Neighbor-Joining (NJ) method which is one of the distance-based methods, was used to create a genetic distance 
tree. The bootstrap analysis was employed to evaluate the statistical reliability of the acquired tree branches. 
Kress et al. (2002) evaluated the bootstrap support criteria as; > = 85% strong, between 75% and 80% moderate, 
between 50% and 70% weak and < 50% very weak. The nodes of the phylogenetic tree show the bootstrap 
values of the genotypes in Figure 1. As seen from the phylogenetic tree, a large cluster group which includes 
three small clustering groups have formed on the upper part of the tree (Figure 1). Small clustering groups 
constituting the large group include genotypes 9, 18, 21 (Asili), 6, 24 (Red pomegranate) and 7; genotypes 17, 
13, 12, 4 and 3; and genotypes 5, 8, 20, 11, 19, 2 and 27.   
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Figure 1. Phylogenetic tree constructed by Neighbor-Joining analysis of ITS regions.  
Genotypes 28, 15, 30 and 1 externally attached to this large cluster group (Figure 1). For example; genotype 
28 was connected to the large clustering group with a bootstrap value of 16%. The low bootstrap value indicates 
that genotype 28 is slightly similar to this group. Although genotype 15 had a higher bootstrap value (48%) than 
the genotype 28, both bootstrap values are considered weak according to Kress et al. (2002). 
Similar to the upper portion of the phylogenetic tree, three small clusters were occurred at the bottom of the 
tree. A group of genotypes 22 (sour pomegranate) and 10 are connected to each other with a bootstrap value of 
52% and genotypes 26, 23 (sour pomegranate) and 25 form a cluster group with 100% bootstrap value. 
Genotypes 29 and 16 constitute the third small cluster that is connected from the outside to the large cluster with 
a 100% bootstrap value (Figure 1). Genotype 14 is also connected to the large cluster separately with 100% 
bootstrap value. The findings show that the genotypes 29, 16 and 14 are placed in the furthest position from 
other genotypes on the phylogenetic tree in terms of physiological properties. 
Different phylogenetic studies have recently been carried out to determine the pomegranate. Qin et al. 
(2017) has confirmed that the pomegranate and eucalyptus come from the same common ancestor, Myrtales, and 
have formed the pomegranate genome. Similarly, a new pomegranate genome sequence was found to understand 
the fertilization biology and fruit characteristics of pomegranate and to enlighten the existing breeding studies 
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(Yuan et al., 2018). In addition, different phylogenetic studies have been conducted to investigate the similarity 
degree of the varieties within the different species as well. For example; the ITS and trnLf regions were 
amplified and the phylogenetic relationship between the Asparagus species was examined by different 
researchers as similar our experiment (Altıntaş et al., 2019). Researchers achieved to construct phylogenetic tree 
of the Asparagus species from the ITS and trnLf regions in an other trial. The similarity percentage of the 
Asparagus species were compared by the RAPD method (Fukuda et el., 2012). Fidan et al. (2018) succeeded a 
study using 20 local grape varieties and the researchers isolated the cpDNA and amplified the trnLf region to 
construct the phylogenetic tree of the varieties. Inal et al. (2017) accomplished to construct a phylogenetic tree of 
the some Turkish apple genotypes. Some researchers performed to form the phylogenetic tree of 15 local Turkish 
pear genotypes in one another experiment carried out in the Siirt province (Özrenk et al., 2018). 
 
4. Conclusion 
The phylogenetic tree revealed information on similarity status and similarity relationship between the existing 
30 genotypes. As a conclusion, our findings confirm that 26 genotypes examined were clones of Zivzik 
pomegranate. Having high similarity rates of these 26 genotypes and their branching status on the phylogenetic 
tree reveal this result. When it comes to other four genotypes (21-Asili, 22-Sour pomegranate, 23-Sour 
pomegranate and 24-Red pomegranate) which are thought to be potentially different varieties due to their 
different pomological properties from Zivzik variety; it is concluded that these genotypes are also genetically 
close related to Zivzik pomegranate. Pomegranate is a species of fruit produced with cuttings without grafting; 
thus, each new tree produced by cutting is a clone of that genotype. However, in the existing orchards, some 
trees may rarely be produced with seedling obtained by germination of the seeds. This possibility may lead to 
genetic expansion. Therefore, three small clusters formed on the upper part of the phylogenetic tree up to 
genotype 28. The binding of these clusters means that all these genotypes are clones within the same species. 
Genotypes 21 and 24 are expected to bind externally to these clusters, however, while these genotypes remained 
within the cluster. Low bootstrap values of genotype 21 (6%) and 24 (11%) indicated a weak similarity of 21 and 
24 to other genotypes. Genotypes 22 and 23 are externally bound to the largest cluster as expected. The binding 
of genotype 22 to the large cluster with a 40% bootstrap is indicative of low genetic similarity with these 
genotypes. 
Morphological, phenological, pomological and molecular analyzes should be performed all together to 
make better taxonomic classification of genotypes within the same genus and species. In our pioneering research, 
no variation was found in the ITS regions obtained by amplification of genomic DNA to support that the 
genotypes (Genotypes 21, 22, 23, 24), which are considered to be 4 different varieties from Zivzik pomegranate 
clones, are different varieties on the phylogenetic tree. Therefore, amplification of trnL intron regions by using 
chloroplast DNA as well as genomic DNA in terms of amplified gene regions may allow observing a wider 
variation. Seedlings of genotypes and other clones, which are thought to be varieties, should be grown in equal 
conditions in an orchard. Following the phenological and pomological characteristics and considering these 
genotypes in registration studies are important for the protection of pomegranate gene resources and the 
development of new breeding studies.  
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